Cladding-pumped L-band phosphosilicate erbium-ytterbium co-doped fiber amplifier by Codemard, C. et al.
7KH￿HUELXP￿FRQFHQWUDWLRQ￿LV￿￿￿￿￿ SSP ￿ZW￿￿￿7KH￿FRUH￿DEVRUSWLRQ￿DW￿WKH￿SHDN￿DW￿a￿￿￿￿￿QP￿LV￿￿￿ G%￿P￿ZKLOH￿WKH￿
SXPS￿DEVRUSWLRQ￿DW￿￿￿￿￿QP￿LV￿a￿G%￿P￿LQ￿WKH￿LQQHU￿FODGGLQJ￿￿7KH￿EDFNJURXQG￿ORVV￿KDV￿EHHQ￿PHDVXUHG￿WR￿EH￿a￿￿
G%￿NP￿DW￿￿￿￿￿ QP￿ (UELXP￿HPLVVLRQ￿DQG￿DEVRUSWLRQ￿FURVV￿VHFWLRQV￿LQ￿WKH￿￿￿￿￿￿QP￿EDQG ZHUH￿GHWHUPLQHG￿XVLQJ￿WKH￿
0F&XPEHU DQG )XFKWEDXHU￿/DGHQEXUJ￿UHODWLRQV ￿)LJ￿￿￿￿￿ 7KH￿HPLVVLRQ￿LV￿VLJQLILFDQW￿HYHQ￿EH\RQG￿￿￿￿￿￿QP￿￿WKRXJK￿
H[FLWHG￿VWDWH￿DEVRUSWLRQ￿LV￿NQRZQ￿WR￿OLPLW￿ORQJ￿ZDYHOHQJWK￿DPSOLILFDWLRQ￿
:DYHOHQJWK￿>QP@
￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿
&
U
R
V
V
￿
V
H
F
W
L
R
Q
￿
>
￿
￿
￿
￿
￿
P
￿
￿
@
￿
￿
￿
￿
￿
￿
￿
￿
￿
$EVRUSWLRQ￿FURVV￿VHFWLRQ￿
(PLVVLRQ￿FURVV￿VHFWLRQ￿
)LJXUH￿￿￿￿([SHULPHQWDO￿FURVV￿VHFWLRQV RI￿WKH￿HUELXP￿
\WWHUELXP￿FR￿GRSHG￿ILEHU￿
)LJXUH￿￿￿￿/￿EDQG￿(<')$￿H[SHULPHQWDO￿VHW￿XS￿
7KH￿(<')￿LV￿XVHG￿LQ￿D￿GRXEOH￿SDVV￿DPSOLILHU￿FRQILJXUDWLRQ￿￿7KH￿H[SHULPHQWDO￿VHW￿XS￿LV￿VKRZQ￿LQ￿)LJ￿ ￿￿ ,W￿FRQVLVWV￿
RI￿D￿￿￿￿ QP￿SLJ￿WDLOHG PXOWLPRGH￿ODVHU￿GLRGH￿ZLWK￿￿￿￿ :￿RI￿RXWSXW￿SRZHU￿￿7KH￿SXPS￿EHDP￿LV￿ODXQFKHG￿LQWR￿WKH￿
GRSHG￿ILEHU YLD￿D￿SDLU RI￿OHQVHV￿￿7KH￿GRXEOH￿FODG￿ILEHU￿LV￿EXWWHG￿DJDLQVW￿D￿GLFKURLF￿PLUURU ZKLFK￿LV KLJKO\￿UHIOHFWLYH
IURP￿￿￿￿￿ QP￿WR￿￿￿￿￿ QP￿DQG￿KLJKO\￿WUDQVPLVVLYH￿IURP￿￿￿￿￿WR￿￿￿￿￿ QP￿￿7KH￿FRXSOLQJ￿HIILFLHQF\￿LV￿￿￿￿￿ZLWK￿￿￿￿￿
:￿RI￿SXPS￿SRZHU￿ODXQFKHG LQWR￿D￿￿￿P￿ORQJ￿GRSHG￿ILEHU￿￿7KH￿DEVRUEHG SXPS￿SRZHU￿LV￿￿￿￿ P:￿￿7KH￿(<')￿LV￿
VSOLFHG WR￿VWDQGDUG￿VLQJOH￿PRGH￿ILEHU￿￿7KH￿PXOWLPRGH￿SXPS￿SRZHU￿OHDNLQJ￿WKURXJK￿WKH￿(<')￿LV￿VWULSSHG￿DZD\￿ZLWK￿
DQ￿LQGH[￿PDWFKLQJ JHO￿ $￿FLUFXODWRU￿LV￿XVHG￿WR￿ODXQFK￿WKH￿LQSXW￿VLJQDO￿DQG￿WR￿H[WUDFW￿WKH￿DPSOLILHG￿RXWSXW￿VLJQDO￿￿7KH￿
LQVHUWLRQ￿ORVV￿RI￿WKH￿FLUFXODWRU￿LV￿￿ G%￿ $￿KLJK￿SRZHU￿￿VDWXUDWLQJ￿￿DQG￿ORZ￿SRZHU￿￿SUREH￿￿VLJQDO￿FDQ￿EH￿
VLPXOWDQHRXVO\￿LQMHFWHG￿LQWR￿WKH￿(<')$￿IRU￿PHDVXUHPHQWV￿RI￿VR￿FDOOHG￿ORFNHG￿LQYHUVLRQ￿￿DV￿ZHOO￿DV￿VLQJOH￿FKDQQHO￿￿
JDLQ￿VSHFWUD XQGHU￿GLIIHUHQW￿VDWXUDWLRQ￿FRQGLWLRQV￿￿7KH￿RXWSXW￿RI￿WKH￿FLUFXODWRU￿LV￿FRQQHFWHG￿WR￿D￿FDOLEUDWHG￿RSWLFDO￿
VSHFWUXP￿DQDO\]HU￿ZKHUH￿WKH￿DPSOLILHG￿RXWSXW￿LV￿PHDVXUHG￿
￿￿￿5HVXOWV
)LJXUH￿￿￿VKRZV￿ VLQJOH￿FKDQQHO￿JDLQ￿ VSHFWUD￿DW￿YDULRXV￿LQSXW￿SRZHUV￿￿7KH￿ VPDOO￿VLJQDO￿JDLQ￿ ￿￿￿￿￿G%P￿ LQSXW￿
SRZHU￿￿H[FHHGV￿￿￿￿G%￿IURP￿￿￿￿￿￿WR￿￿￿￿￿￿QP￿ )LJXUH￿￿￿VKRZV￿WKH :'0￿JDLQ￿VSHFWUD￿DQG￿QRLVH￿ILJXUH￿PHDVXUHG￿
ZLWK￿D￿VZHSW￿ORZ￿SRZHU￿SUREH￿XQGHU￿VDWXUDWHG￿RSHUDWLRQ￿￿7KHUH￿ZDV￿D￿VDWXUDWLQJ￿VLJQDO￿DW￿￿￿￿￿￿QP￿￿ZLWK￿LQSXW￿DQG￿
RXWSXW￿SRZHU￿RI￿￿￿￿￿￿G%P￿DQG￿￿￿￿￿￿G%P￿￿UHVSHFWLYHO\￿￿7KH￿QRLVH￿ILJXUH￿GHJUDGDWLRQ￿DW￿VKRUWHU￿ZDYHOHQJWKV￿LV￿GXH￿WR￿
WKH￿ VWURQJ￿ DEVRUSWLRQ￿ LQ￿ WKH￿ ILUVW￿ IHZ￿ FHQWLPHWHUV￿ RI￿ WKH￿ GRSHG￿ ILEHU￿￿ ,W￿ FDQ￿ EH￿ LPSURYHG E\￿ XVLQJ￿ DOWHUQDWLYH￿
FODGGLQJ￿SXPSLQJ￿WHFKQRORJ\￿VXFK￿DV￿*7:DYH >￿￿@￿￿RU￿ZLWK￿D￿SUH￿DPSOLILHU￿
:DYHOHQJWK￿>QP@
￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿
*
D
L
Q
￿
￿
￿
1
)
>
G
%
@
￿
￿
￿￿
￿￿
￿￿
￿￿
￿￿
￿￿
￿￿
￿￿
*DLQ￿#￿￿￿G%P￿
1)￿#￿￿￿G%P￿
*DLQ￿#￿￿￿G%P￿
1)￿#￿￿￿G%P￿
*DLQ￿#￿￿￿G%P￿
1)￿#￿￿￿G%P￿
)LJXUH￿￿￿ 6LQJOH￿FKDQQHO￿JDLQ￿DQG￿QRLVH￿ILJXUH￿
:DYHOHQJWK>QP@
￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿
*
D
L
Q
￿
￿
￿
1
)
￿
>
G
%
@
￿
￿
￿￿
￿￿
￿￿
￿￿
￿￿
*DLQ
1RLVH￿)LJXUH
)LJXUH￿￿￿￿:'0 JDLQ￿DQG￿QRLVH￿ILJXUH￿VSHFWUXP￿
7/6￿￿
3UREH
7/6￿±
6DWXUDWLRQ
26$
￿￿
￿￿￿
'LFKURLF￿
0LUURU
(<')
00￿SXPS
00
3XPS￿
'LRGH
￿:DYHOHQJWK￿>QP@
￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿
2
X
W
S
X
W
￿
S
R
Z
H
U
￿
>
G
%
P
@
￿
￿
￿￿
￿￿
￿￿
￿￿
)LJXUH￿￿￿￿2XWSXW￿VSHFWUXP￿RI￿D￿FRPPHUFLDO￿DPSOLILHU￿FDVFDGHG￿ZLWK￿WKH￿(<')￿DPSOLILHU￿
7KH￿LQSXW￿SRZHU￿RI￿WKH￿(<')￿LV￿￿￿￿ G%P￿
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